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Delineating the Application of Ultrasound in
Detecting Synovial Abnormalities of the Subtalar
Joint in Juvenile Idiopathic Arthritis
STEFANO LANNI,1 FRANCESCA BOVIS,1 ANGELO RAVELLI,2 STEFANIA VIOLA,1
FRANCESCA MAGNAGUAGNO,1 ANGELA PISTORIO,1 GIAN MICHELE MAGNANO,1
ALBERTO MARTINI,2 AND CLARA MALATTIA2
Objective. To investigate the frequency of ultrasound (US)–detectable involvement of the subtalar joint (STJ), to com-
pare clinical versus US assessment of the STJ, and to compare different scanning approaches to the STJ in juvenile
idiopathic arthritis (JIA).
Methods. Clinical and US assessments were performed independently in 50 ankles with clinically active JIA. US
abnormalities of the STJ were investigated using a lateral, medial, and posterior scanning approach and scored semi-
quantitatively. Agreement was tested using kappa statistics. A control group of 10 healthy subjects was examined.
Results. Clinical and US evaluations detected synovitis in 24 of 50 (48.0%) and 27 of 50 (54.0%) of STJs, respectively.
US detected synovitis in 10 of 26 STJs (38.5%) recorded as normal on clinical evaluation, but was negative in 7 of 24
STJs (29.2%) diagnosed as having involvement on clinical examination. Agreement between clinical and US assess-
ments was fair (k 5 0.32). US abnormalities were more frequently detectable using the lateral scanning approach. All
patients with US abnormalities in the medial and/or posterior side of the STJ had also US abnormalities on the lateral
scanning approach, but the reverse was not true. Intra- and interobserver agreements for the lateral scanning
approach were satisfactory for both detecting involvement and scoring US abnormalities. None of the 17 STJs of
healthy controls showed US abnormalities.
Conclusion. US may increase the precision of the evaluation of the STJ in JIA. The observed high frequency of STJ
involvement on US suggests to include this joint in US scanning protocols devised for children with JIA. Synovitis is
more frequently detected using the lateral scanning approach.
INTRODUCTION
Juvenile idiopathic arthritis (JIA) is an exclusion diagnosis
that gathers together all arthritides lasting for more than 6
weeks, with onset before 16 years of age, and of unknown
etiology (1). The International League of Associations for
Rheumatology (ILAR) has subclassified the condition into
7 distinct categories, based on articular and extraarticular
manifestations (2); suggestions to improve the homoge-
neity of the various categories have been recently pro-
posed (3). Despite the heterogeneity, all subtypes of JIA are
characterized by inflammation affecting the synovial mem-
brane, which leads to the development of synovial hyperpla-
sia (SH) and joint effusion (JE). Early identification and
treatment of the articular inflammatory process are of fore-
most importance to prevent establishment of damage and
related physical disability and to improve the quality of life
of patients and their families (4,5).
The higher sensitivity of ultrasound (US) compared to
physical evaluation in assessing joints of patients with
chronic inflammatory arthritis has been shown in several
studies (6–9). The advantage of US lies in its easy and
ready availability, relatively low cost, patient well-
acceptance and comfort, absence of ionizing radiation,
and in its ability to allow real-time and multiplane imag-
ing of several joints in a single scanning session (10–12).
In recent years, some reports have emphasized the abili-
ty of US to aid physicians to identify precisely the site of
inflammation in the ankles of children with JIA (13–15).
Clinical assessment of the ankle region is often challeng-
ing, especially in the very young, due to the multiplicity
of joint recesses and surrounding tendons, the small size
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of articular compartments, and the abundant fat. These
issues make it difficult, even for the expert physician, to
identify the single anatomic components (10,11). Of the
various structures that are part of the ankle region, the
subtalar joint (STJ) is one of the most difficult to assess
clinically (Figure 1). The STJ is located between the
calcaneus and the talus and is typically divided into 3
articulating facets of the superior part of the calcaneus.
The anterior facet articulates with the head of the talus
and lies anterior and slightly lateral to the middle facet.
The middle facet is supported by the substentaculum tali
on the medial aspect of the calcaneus. It has been des-
cribed that the anterior and middle facets are frequently
connected to each other. The posterior facet of the calca-
neus is the largest and articulates with the inferior surface
of the talar body. The posterior facet is separated from the
anterior and middle facet by the calcaneal sulcus in the
calcaneus, which forms with the equivalent sulcus tali in
the talus the sinus tarsi (16–18). Many tendons lie close
together to the STJ and inflammation of tendon sheaths
may mimic STJ involvement. Furthermore, the STJ lies
relatively deep to the skin, making assessment by palpa-
tion hard. These problems partially explain why involve-
ment of the STJ, which is frequently affected throughout
the course of JIA, often remains clinically unrecognized.
The frequent lack of detection of arthritis in this joint has
been documented in a previous study, in which 80% of
STJs of children with JIA showing involvement on mag-
netic resonance (MR) were recorded as normal on clinical
examination (19). Failure to properly diagnose STJ
involvement may lead to persistence of joint inflamma-
tion, with consequent risk of development of structural
damage. Furthermore, correct location of joint inflamma-
tion in the STJ may guide the administration of intraartic-
ular corticosteroid therapy in the appropriate area (20).
Although the application of US represents a valuable
option to improve the accuracy of the assessment of the
STJ, to date there is little information about US assessment
of this joint in children with JIA. In particular, to our
knowledge, no guidelines or recommendations are avail-
able concerning the appropriate scanning approach to the
STJ in children with chronic inflammatory arthritis.
The present study was aimed to gain insights into the
potential utility of US in the assessment of STJ in children
with JIA through the evaluation of the frequency of US-
detectable involvement, the comparison of clinical versus
US assessment, and the comparison of different scanning
approaches.
PATIENTS AND METHODS
Patient selection. All consecutive patients who met the
ILAR criteria for JIA (2), were seen between June and
November 2013 at the rheumatology outpatient clinic of the
Istituto G. Gaslini, Genova, Italy, and had clinically active
ankle disease were enrolled. If both ankles were involved,
only the one most clinically affected was selected. Informed
consent was obtained from all children, parents, or guar-
dians, as appropriate. The study protocol was approved by
the local institutional review board.
Clinical and laboratory assessment. At study visit, the
following data were recorded for each patient: sex, age at
disease onset and study entry, disease duration, ILAR cat-
egory, antinuclear antibody (ANA) status, and ongoing
medications. Erythrocyte sedimentation rate (ESR) and C-
reactive protein (CRP) levels were collected only if they
were performed at the time of the visit. Clinical assess-
ment for presence/absence of ankle disease was performed
by 2 experienced pediatric rheumatologists (AR and SV).
Clinically active ankle disease was defined as the presence
of swelling or, if no swelling was present, of tenderness/
pain on motion and restricted motion (21). Involvement of
the STJ was defined as the presence of pain and restricted
motion on the inversion or eversion of the foot.
Figure 1. Anatomy of the ankle bones showing the medial (A), posterior (B), and lateral (C) viewpoints of the subtalar joint, respectively,
as indicated by the arrows. The images have been obtained using Quanta Imaging Technology (Camelot Biomedical Systems Srl).
Ca 5 calcaneus; Cu 5 cuboid; Fi 5 fibula; Na 5 navicular; St 5 sustentaculum tali; Ta 5 talus; Ti 5 tibia.
Significance & Innovations
 Ultrasound (US) is a valuable imaging method to
assess subtalar joint (STJ) in children with juvenile
idiopathic arthritis.
 US may increase the precision of the evaluation
of STJ.
 Synovitis of STJ is more frequently detected using
the lateral scanning approach.
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US assessment. US assessments were performed and
recorded immediately after the clinical evaluation by a
pediatric rheumatologist (SL) experienced in US assess-
ment of patients with JIA, blinded to clinical findings.
Imaging was conducted using an Esaote MyLab Twice
machine equipped with a multifrequency linear probe (3–
13 MHz linear transducer). Images were collected using the
following power Doppler (PD) settings: pulse repetition fre-
quency (PRF) 750 Hz, low wall filter, and color gain just
below the level that did not display color noise in the
underlying bone. The STJ was evaluated using a lateral,
medial, and posterior scanning approach. For the lateral
approach, the probe was placed at the 4 o’clock position for
the right ankle and at the 8 o’clock position for the left
ankle, with its posterior edge over the lateral malleolus,
and then was moved down in order to progressively
explore the whole joint recess until the sinus tarsi (Figure
2). For the medial aspect of the STJ, the joint space was
assessed between the talus and the substentaculum tali of
the calcaneus with the probe placed at the 4 o’clock posi-
tion for the left ankle and at the 8 o’clock position for the
right ankle, with its posterior edge over the medial malleo-
lus (Figure 3). Both the medial and lateral approaches to
the STJ were performed with children lying in a supine
position with the knee in 45 degrees of flexion and the foot
resting on the surface of the examination bed, resulting in
plantar flexion of tibiotalar joint, and with the forefoot ori-
ented in a slightly eversion and inversion, for the medial
and lateral assessment, respectively. For the posterior scan-
ning approach to the STJ, the patients were asked to lie
prone with the foot resting on the toes over the bed in order
to maintain the foot perpendicular to the leg. The probe
was then placed as to detect the Achilles tendon in a longi-
tudinal plane and the posterior recess of the STJ was then
visualized deeply between the inferior posterior facet of the
talus and the superior posterior facet of the calcaneus (Fig-
ure 4). The tibiotalar joint, the midfoot region (talonavicu-
lar and navicular-first cuneiform joints), and the tendons of
the anterior, medial, and lateral compartments of the ankle
were also imaged according to published guidelines pro-
posed for adults (22). All joints were investigated on gray-
scale (GS) US and soon after on PD US.
US abnormalities were defined according to the Out-
come Measures in Rheumatology Clinical Trials standard-
ized definitions for US pathology (23). As per those
definitions, SH was defined as an abnormal and poorly
compressible hypoechoic joint space, whereas a JE was
detected as the presence of an abnormal and compressible
anechoic space within the joint. Tenosynovitis was
defined as the presence of hypoechoic or anechoic thick-
ened tissue with or without fluid within the tendon
sheath, which was seen in 2 perpendicular planes and
Figure 2. Position of the probe for the lateral scanning approach to the subtalar joint (A) and synovitis
(white arrow) (B) exhibiting power Doppler signal through the lateral scanning approach in a 5-year-
old girl with juvenile idiopathic arthritis. The black arrow (A) indicates the movement of the probe.
Fib 5 fibula; Tal 5 talus; Cal 5 calcaneus.
Figure 3. Position of the probe for the medial scanning approach to the subtalar joint (A) and synovitis
(arrow) (B) exhibiting power Doppler signal through the medial scanning approach in a 13-year-old
girl with juvenile idiopathic arthritis. Tib 5 tibia; Tal 5 talus; Cal 5 calcaneus.
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that could exhibit PD signal. PD signal was considered
positive in the presence of vessel dots inside the SH. Joint
involvement on US was defined as the presence of both or
either JE and SH, which could exhibit PD signal. In partic-
ular, STJ involvement on US was defined as the presence
in at least 1 of the scanning approaches of both or either JE
and SH, which could exhibit PD signal. Only for the STJ,
each of the US abnormalities was graded on a 4-point
semiquantitative scale based on previous studies (6,24–26).
JE and SH were scored as follows: 0 5 absent, 1 5 mild,
2 5 moderate, and 3 5 marked. PD signal was graded as fol-
lows: 0 5 absent, 1 5 mild, presence of single-vessel dots,
2 5 moderate, presence of confluent vessel dots in less than
half of the synovial area, and 3 5 marked, presence of con-
fluent vessel dots in more than half of the synovial area. An
overall US severity score was calculated as the sum of the
scores of JE, SH, and PD and determined for each of the STJ
scanning approaches.
Reliability. In order to estimate the intraobserver reli-
ability, stored scans of the different approaches to the STJ
for each patient were reassessed and rescored by the same
sonographer (SL) 6 months after the end of the study. To
evaluate the interobserver reliability, a second pediatric
rheumatologist (CM), experienced in US evaluation of
children with chronic inflammatory arthritis, performed
and scored independently the medial, lateral, and posterior
scans of STJs in a randomly selected subgroup of 24
patients.
Healthy controls. Brothers and sisters of patients
attending the study center for a visit and without history
of musculoskeletal complaints were asked to participate
in the study as healthy controls. All underwent a US
assessment of at least 1 STJ, depending on their compli-
ance. The US scanning protocol was the same used for JIA
patients. The US examinations were performed by the
same ultrasonographer (SL) who was aware that the sub-
jects were healthy controls.
Statistical analysis. Descriptive statistics were reported
in terms of medians and interquartile ranges (IQRs) for con-
tinuous variables and as absolute frequencies and percen-
tages for categorical variables. Comparison of categorical
data was performed by means of the chi-square test, or the
Fisher’s exact test in the case of expected frequencies ,5.
Agreement was estimated by computing the percentage
of the exact agreement and through the unweighted
Cohen’s kappa statistics (k) with 95% confidence intervals
(27). The strength of agreement was defined as follows:
k # 0.20 was considered poor, 0.21–0.40 fair, 0.41–0.60
moderate, 0.61–0.80 good, and .0.81 excellent (28).
SAS software, version 9.3, and Stata, version 10, were
used for data analyses.
RESULTS
Study population. A total of 50 patients, 41 girls
(82.0%) and 9 boys (18.0%), were enrolled in the study. At
study entry, the median disease duration was 5.2 years
(IQR 1.8–9.1 years), and the median age was 9.5 years (IQR
6.1–14.9 years). Twenty patients (40.0%) had persistent oli-
goarthritis, 21 (42.0%) had extended oligoarthritis, 5
(10.0%) had polyarthritis (4 rheumatoid factor [RF] nega-
tive and 1 RF positive), and 2 (4.0%) had systemic arthritis;
both psoriatic and undifferentiated arthritis accounted for 1
patient (2.0%). ANAs were positive in 41 patients (82.0%):
18 patients with persistent oligoarthritis, 18 with extended
oligoarthritis, 3 patients with RF-negative polyarthritis, 1
patient with undifferentiated arthritis, and 1 with systemic
arthritis, respectively. Acute-phase reactants were assessed
in 43 patients and resulted, on average, in a slight increase
(median CRP level 0.5 mg/dl, IQR 0.5–0.9 mg/dl; median
ESR 11.5 mm/hour, IQR 5.5–26.0 mm/hour). Thirty-eight
patients (76.0%) were taking medications at study entry: 17
(44.8%) and 7 (18.4%) of them were given methotrexate or
a biologic agent alone, respectively, whereas 4 patients
(10.5%) were receiving methotrexate and a biologic agent.
Only 10 patients (26.3%) were taking nonsteroidal antiin-
flammatory drugs in monotherapy. The control group com-
prised 10 subjects, 3 boys and 7 girls, ages 1.4–13.7 years
(median age 10.2 years, IQR 6.2–12.6 years), for a total of 17
STJs examined.
Figure 4. Position of the probe for the posterior scanning approach to the subtalar joint (A) and synovi-
tis (arrow) (B) exhibiting power Doppler signal through the posterior scanning approach in a 4-year-
old girl with juvenile idiopathic arthritis. Cal 5 calcaneus; AT 5 Achilles tendon; Tal 5 talus;
Tib 5 tibia.
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Comparison between clinical and US findings. Involvement
of the STJ was detected on clinical examination in 24 of
50 patients (48.0%) and on US in 27 of 50 patients
(54.0%). Concordance between clinical and US evaluation
for presence and absence of STJ involvement was found in
17 of 50 patients (34.0%) and 16 of 50 patients (32.0%),
respectively. US detected synovitis in 10 of 26 STJs
(38.5%) that were recorded as normal on clinical evalua-
tion. In 7 of 24 patients (29.2%) diagnosed as having STJ
involvement on clinical examination, US was negative for
synovitis of the STJ, but showed involvement of different
anatomic sites of the ankle region. In particular, 2 patients
displayed isolated tenosynovitis of at least 1 tendon com-
partment, 4 showed tibiotalar or talonavicular synovitis
along with tendon involvement, and 1 had tibiotalar, talo-
navicular, and navicular-first cuneiform involvement and
tenosynovitis of medial tendon compartment. Overall,
agreement between clinical and US assessment for STJ
involvement was fair (k 5 0.32).
US findings for STJ. All 27 ankles with US-detected
STJ involvement showed synovitis on the lateral scanning
approach. Twenty (74.1%) and 9 (33.3%) of them also
showed synovitis on the posterior (P , 0.0001) and medial
(P 5 0.0022) scanning approaches to the STJ, respectively.
Of the 20 STJs with posterior involvement, only 8 (40.0%)
had evidence of STJ synovitis using the medial scanning
approach (P 5 0.0016). Detailed information about the fre-
quency of specific US features in all STJ scanning
approaches is reported in Table 1. Overall, JE, SH, and PD
signal were recorded more frequently in the lateral aspect
of the joint than in the posterior and medial. In all 3 scan-
ning approaches, the most frequent US abnormality was
SH, followed by JE and PD signal. Grade 2 for SH and PD
signal and grade 1 for JE were the most frequent US abnor-
malities detected in the lateral aspect of the joint. Similar
findings were observed also for the posterior side, except
for PD signal, which was scored more commonly as 1. For
the medial scanning approach, none of the US abnormali-
ties were scored as 3 and no difference in the rate of score
1 and 2 for JE and PD signal was observed; score 1 was the
most frequently registered for SH. In the 27 ankles with
US-detected STJ involvement, the overall US severity
score resulted as higher in the lateral side (median 4.0,
IQR 3.0–6.0) compared to the medial (median 0.0, IQR
0.0–1.0) and posterior (median 2.0, IQR 0.0–4.0) sides.
Considering the subgroup of 8 patients showing US abnor-
malities in all 3 aspects of STJ, the overall US severity
score was higher for the lateral side of the STJ (median










Score 0 29 (58.0) 46 (92.0) 37 (74.0)
Score 1 9 (18.0) 2 (4.0) 11 (22.0)
Score 2 8 (16.0) 2 (4.0) 1 (2.0)
Score 3 4 (8.0) 0 (0.0) 1 (2.0)
Synovial hypertrophy
Score 0 25 (50.0) 42 (84.0) 33 (66.0)
Score 1 7 (14.0) 7 (14.0) 3 (6.0)
Score 2 17 (34.0) 1 (2.0) 9 (18.0)
Score 3 1 (2.0) 0 (0.0) 5 (10.0)
Power Doppler
Score 0 31 (62.0) 48 (96.0) 43 (86.0)
Score 1 3 (6.0) 1 (2.0) 4 (8.0)
Score 2 13 (26.0) 1 (2.0) 3 (6.0)
Score 3 3 (6.0) 0 (0.0) 0 (0.0)
* US 5 ultrasound; STJ 5 subtalar joint.
Table 2. Intra- and interobserver agreement for US assessment of STJ*
Description
Intra-
observer (%)† Kappa (95% CI)
Inter-
observer (%)‡ Kappa (95% CI)
STJ involvement (presence/absence) 98 0.96 (0.88–1.00) 96 0.92 (0.76–1.00)
STJ lateral involvement (presence/absence) 98 0.96 (0.88–1.00) 96 0.92 (0.76–1.00)
STJ medial involvement (presence/absence) 86 0.46 (0.12–0.79) 87 0.30 (0.00–0.91)
STJ posterior involvement (presence/absence) 98 0.96 (0.88–1.00) 87 0.73 (0.44–1.00)
STJ lateral
JE score (range 0–3) 78 0.63 (0.46–0.81) 75 0.58 (0.33–0.83)
SH score (range 0–3) 84 0.74 (0.59–0.89) 87 0.79 (0.59–0.99)
PD score (range 0–3) 92 0.85 (0.72–0.98) 83 0.71 (0.47–0.94)
STJ medial
JE score (range 0–3) 94 0.48 (0.00–0.68) 83 0.14 (0.00–0.44)
SH score (range 0–3) 86 0.44 (0.11–0.76) 92 0.31 (0.13–0.50)
PD score (range 0–3) NA NA NA NA
STJ posterior
JE score (range 0–3) 84 0.60 (0.38–0.82) 67 0.22 (0.00–0.53)
SH score (range 0–3) 74 0.54 (0.37–0.71) 79 0.52 (0.21–0.82)
PD score (range 0–3) 96 0.85 (0.66–1.00) 100 1.00 (1.00–1.00)
* US 5 ultrasound; STJ 5 subtalar joint; 95% CI 5 95% confidence interval; JE 5 joint effusion; SH 5 synovial hypertrophy;
PD 5 power Doppler; NA 5 not assessable; the small number of positive cases for PD signal did not allow to calculate kappa
assessment.
† Intraobserver agreement was assessed considering all 50 patients.
‡ Interobserver agreement was assessed considering data from a random subgroup of 24 patients.
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5.5, IQR 3.5–6.5) than in the 2 other sides (medial median
1.0, IQR 1.0–3.0 and posterior median 4.0, IQR 3.5–6.0,
respectively).
None of the 17 STJs of healthy controls showed US
abnormalities. Ten of 27 ankles (37.0%) with STJ involve-
ment on US did not show tenosynovitis in any of the 3
tendon compartments. Involvement of the medial or lateral
tendon compartments was found in 11 of 23 ankles (47.8%)
without US-detected synovitis of the STJ. Only in 1 case of
our series did we find involvement on US of the anterior
tendon compartment, and this finding was associated with
the involvement of the medial tendon compartment and
with the absence of synovitis of STJ on US.
Intraobserver and interobserver reliability. Results of
intra- and interobserver agreement are reported in Table 2.
Intraobserver agreement for the presence/absence of STJ
involvement on US was high (k 5 0.96). Considering the
different scanning approaches, the agreement was excel-
lent for the lateral and posterior side of the STJ (k 5 0.96),
but only moderate for the medial (k 5 0.46). For specific
US features, the best agreement in scoring JE and SH was
found for the lateral side of the STJ (k 5 0.63 and k 5 0.74,
respectively), whereas for PD the lateral and posterior
scanning approaches were comparable (k 5 0.85). Con-
cerning interobserver reliability, the Cohen’s kappa value
for the presence/absence of STJ involvement on US was high
(k 5 0.92). Regarding the different scanning approaches, the
agreement ranged from fair to excellent, being best for the lat-
eral (k 5 0.92) and worst for the medial (k 5 0.30). The best
agreement in scoring JE and SH was found in the lateral side
of the STJ (k 5 0.58 and k 5 0.79, respectively), whereas
agreement was best for PD by using the posterior scanning
approach (k 5 1).
DISCUSSION
Our study shows that a sizeable proportion of JIA patients
with clinical ankle disease have US abnormalities in the
STJ. In addition, we found that clinical assessment corre-
lated poorly with US evaluation for the detection of STJ
involvement. This finding highlights the difficulty of
using physical examination alone to identify STJ synovitis
in children with JIA and clinically established active dis-
ease in the ankle region.
To our knowledge, our study is the first to evaluate the
agreement between clinical and US examination in assess-
ing specifically STJ involvement in patients with JIA and
clinically active disease of the ankle joint. A previous
study evaluated the prevalence of US findings in ankles
with active disease focusing only on the tibiotalar joint
and medial and lateral tendons (13). In a subsequent
investigation (14) the same group of authors found that
only 39% of the STJs considered to be clinically involved
showed signs of synovitis on US. However, this joint was
not included in the evaluation of the level of agreement
between clinical and US findings for the ankle, which was
indeed very poor. This is in keeping with a more recent
study (15) that showed a less than acceptable agreement
for clinical versus US evaluation of the foot in JIA. How-
ever, although the STJ was one of the foot joints more fre-
quently involved on US, the level of agreement between
clinical and US assessment was not determined specifi-
cally for the STJ.
We found that a considerable proportion of STJs
(38.5%) recorded as normal on clinical assessment had
synovitis on US. Furthermore, in around one-third of
patients who were judged as having STJ involvement on
clinical examination, US detected the involvement of ana-
tomic sites other than STJ. Altogether, our findings indi-
cate that US may increase the precision of the assessment
of STJ in patients with JIA. Notably, the accurate recogni-
tion of the truly inflamed anatomic structure is crucial to
improve the outcome of a local treatment such as intraar-
ticular steroid injections (20).
To obtain information useful to standardize image
acquisition for the STJ in children with JIA, we compared
different scanning approaches. We found that the lateral
scanning approach was more advantageous than the medial
and posterior approaches to assess the presence of US
abnormalities of this joint. We found that JE, SH, and PD
signal were more frequently detectable using the lateral
scanning approach than the posterior and medial ap-
proaches. The overall US severity score, which reflects the
amount of inflammation, resulted also as greater for the lat-
eral approach. However, it should be mentioned that the
major rate of positivity as well as the higher scores for PD
signal found on the lateral scanning approach compared to
the posterior may be explained by the fact that this US
abnormality is more easily detectable where the synovial
recess is more superficial. Furthermore, the predetermined
standardized PD settings used for all scanning approaches
to the STJ may have reduced the sensitivity of PD signal in
certain areas of the joint, particularly in the posterior. This
may be prevented in future studies by adjusting PRF, PD
frequency and gain according to the selected scanning
approach. Of note, all patients with US abnormalities in
the medial and/or posterior side of the STJ were always
found to have US abnormalities using the lateral scanning
approach, but the reverse was not true. From a practical
point of view, the ability to scan only the more comprehen-
sive and representative aspect of a joint may help to shorten
the length of the US session, which is important in daily
clinical practice, especially when managing younger and
poorly cooperative children. It is important to note that
both levels of intra- and interreader agreement in scoring
the lateral aspect of the joint were more than satisfactory
for all US abnormalities, and were overall better than for
the medial and posterior scanning approaches. Of the 3 US
abnormalities, interobserver agreement on the lateral scan-
ning approach was better for SH and PD signal than for JE.
A certain degree of difficulty in reproducibility in scoring
JE was anticipated, because the anechoic aspect of carti-
lage, which is well-represented in children, often hampers
its clear distinction from joint fluid. Although the medial
aspect of the ankle needs to be evaluated for the presence
of tenosynovitis, the poor reproducibility of US abnormali-
ties for the medial scanning approach found in our study
suggests that this approach is less suited for use in clinical
practice for the assessment of the STJ.
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Our findings should be interpreted in the light of some
potential limitations. Normative data have been so far pro-
posed only for a limited set of joints in children (29),
which does not include the STJ. We examined a small
number of STJs from healthy controls and, indeed, none
of them showed US abnormalities. However, we acknow-
ledge the shortcoming that the ultrasonographer was aware
that the subjects were healthy controls. Because pediatric
definitions for US features are currently available only for
healthy children (30), we used definitions for US pathology
and grading systems for GS and PD changes developed for
adults that may not be suitable for use in pediatric subjects
(10). Finally, we acknowledge that we did not validate the
presence of US abnormalities with other imaging modali-
ties, particularly MR. However, previous studies comparing
these imaging techniques have documented that both US
and MR may provide valuable information on disease activ-
ity in patients with chronic inflammatory arthritis (31–34).
In summary, we found that US may increase the preci-
sion of the assessment of the STJ in patients with JIA. The
observed high frequency of STJ involvement on US under-
scores the need to include the evaluation of this joint in
future US scanning protocols devised for children with
chronic inflammatory arthritis. Our study suggests that
synovitis of the STJ is more frequently detected using the
lateral scanning approach.
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